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& (54) Title: METHOD AND APPARATUS FOR ARTICLE CONTACT DETECTION IN AN ARTICLE HANDLING DEVICE 

.. ... .(57) Abstract: An article dispensing apparatus em- 

bodied, for example, as a vending machine; include 
ing.a contrbllably.positioned suction hose dispenser 
. forrttri^^^cji^i&bm a storage area: In one em- 
bedment, a sensor having an output responsive to 
changes in partial {Assure inside the air hose, such 
.asfttai^ can. 
'initially, act to sensethe tirnjiig of contact of the sue- 
tion hose with an article to; be : dispensed: As long as 
. suction js.pbvided to me ^p^nng end of the suction 
hoseprior to the hose contacting the article to be. re- 
trieved, the airflow (and [partial pressure) inside the 
hose will change drainatically as the gripping end of 
the suction hose makes contact with the article. Fur- 
thermore,, at the moment when the gripping end of 
the suction hose is no longer in substantial contact 
with the article, the airflow sensor again provides an 
indication signal, due to the sudden change in airflow 
(and partial pressure) that occurs at that time within 
the hose. The signals generated by the airflow sen- 
sor can be used in place of the prior art mechanically 
operated proximity sensor, to stop the approach of 
the gripping end of the hose towards the article, and 
serve as an indication to initiate removal of the arti- 
cle from the storage area. 
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METHOD AND APPARATUS FOR ARTICLE dONTACT DEtECTION IN AN ARTTCLR 

HANDLING DEYIgp 
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BACKGROUND OF TB 
1. Field of the Invention 



■^Cl'iMSIMUiK 



The present invention relates generally to improvements in the design and operation 
of article handling apparatus and is particularly useful in the environment of article handling 
10 devices ftat use a suction-type article handling mechanism. 

2. Description of the ^ 

Most prior art article handling m^ 

15 ctesc^tiqno^^^ 

article dispenser, rely on a multitude of motors^ switches and solenpids for moving various 
portions of the handling mechanism, 

packaged products. Most such machines require erne motor, ..switch and/or solenoid dedicated 
for each row, column or type of article; ot package to be handled or dispensed therefrom. 
20 Such machines generally suffer from numerous disadvantages, such as poor reliability due to 
mechanic^ 

US Patent 5,240, 139 represents a significant improvement in article handling devices. 
It describes the use of a negative air pressure lifter (i^ article pickup or handling 
25 mechanism), which uses suction, Le., a reduced or so-called "negative" air pressure created by 
a partial vacuum, for making a secure contact to ail article to be retrieved by entering the open 
top of an article storage bin located in a refrigerated storage area of a vending machine. 
Although robotic, and specifically suction-type lifting mechanisms are in common use in 
factory settings, where space limitations are generatty relaxed* their u^ such 
30 as an article vending machine, has not gained wide acceptance. Due to the greater reliability 
and versatility of vending machines of the type which utilizes suction technology for grasping 

; it would be diesirable to develop new techniques and metfiods 
l machines, as well as for other more generalized article 




handling mechanisms, 
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Article contact detection is provided in the forenoted US Patent 5,240, 139 by a 
mechanical or electromechanical proximity switch mounted at the article pickup end of the 
negative air pressure lifter. 



5 It would be desirable to avoid the use of a proximity switch type of sensor at the 

article pickup end of the lifter, most notably because of thenecesshy of proyi<Ung to the 
pickup head power and signal canying conductors associated with the switch; Such 

10 **i^6ttfy*p<^ provided, care must be talcon to ensure 

that it is simple and reliable/ 



15 



20 



25 



Furthermore, a vacuum breaker would also be desirable in a vending machine having 
a suction-type article handler, in order to facilitate a "quick release 1 ' of the product at the end 
ofthe dispen^ patent 5,957326 entitled APPARATUS FOR KETO^ 

RANDOMLY ORGANIZED ARTICLES, describes a vending apparatus, havitg a suction- 
type article handler and a vacuum breaker. A pickup head having a plurality of suction cups 
mounted thereon (in order to help ensure the retrieval of one of a plurality of randomly 
organized articles for a storage bin) is lowered into thestorage bin as suction is applied to the 
cups. Afterthe passage of a predetenninedamount of ^ 

pickup head to start being r^dved from to While the pickup head is being removed, a 




le contact is j 
K-a given swtiori cup). If more than pc 
has an article adti^^ all of 

tone. - - : 



vending machine having an articulated ann for positioning an article gripping ^ 
30 into a freezer for retrieving articles to be (licensed. It teaches the use of both an 
electromechanically operand proximity switch at t^ 

vacuum source on wh(^ the gi^per ma^ <xmtact with the product, as well as the use of a 
position sensor for advising the machine controller to energize a vacuum breaker when the 
gripperhead readies a predetenn|ned position indicative of the product reaching the 
35 dispensing area. 
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Accordingly, one of the objects of the present inventidit is to provide new techniques 
5 andmj^octeto^ 

It is afinther object of the present invention to provide new techniques and methods 
for the design, operation and control of article handling mechanisms of the type that utilize 
computer-controlled electromechanical technology, and in the illustrated embodiment a 
10 iobotically positioned suction-type gripper, for grasping and moving a selected article from 
one^tpanc^ 

It is also an object of the present invention to provide new techniques and methods 
for such mechanisms, which improve the speed and accuracy of the article handling operation 
15 while still handling the articles to be dispensed in a careful manner so as to prevent any 
damage thereto* 

20 The above objects are achieved in an illustrated embodiment of an article dispensing 

I^parattci embodied, for ex^xipl^ as a v^i<Sng machine incftKluig a ccmtrollably portioned 
suction hose dispenser for retrieving articles from a storage area- In one embodiment a 
sensor having an output responsive to changes in pa^ 

an airflow sensor cpispled to the suctipn-hos^ can initially act to sense the timing of wntact 
25 of the suction hose with an article to be dispensed. As long © sucticm is ^ 
: gnpping radof the su^ 

airflow (and partial pressure) inside the hose will change dramatically as the gripping end of 
the suction hose makes contact with the article. Furthermore, at the moment when the 
gripping end of the suction hose is no longer in substantial contact wife the article* the airflow 
30 sensor again provides an indication signal, due to the sudden change in airflow (and partial 
pressure) that occurs at that time within the hose. The signals generated by the airflow sensor 
can be used in place of the prior art mechanically operated proximity sensor, to stop the 
approach of the gripping end of th e hose towards the article, and serve as an indication to 
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When decontrol mechanism of the dispenser has detemined normal operation, the 
time of the occurrence of the airflow signal can be used fcy the control mechanism to confirm 

area, but if the sensed airflow signal has been determined by the control mechanism to be 

moved the hose to a predetermined dispensing position), it* s oconrence indicates a faulty or 
filled dispensing/vend operation; Accordingly, the control mechanism can then take 
appropriate action, such as to re-attempt the disposing operation. 



10 When the airflow signal indicates 

use the airflow 
positioner 



mechanism can also 
r t it's control of the hose 
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In an embodiment illustrated here^ the airflow sensor feus 
airflow oqa^j ^echgn? sm, jfr, * >qfflu?fl or suction release (i.e., \$&ite\tQ a 



in its own housing* or ag in the ^ therein 
ifeva^Tm Mcmifli^fl me c h a ni cal or electit>~niechariical 

link^ecanbeusedto 

lttpiflfo& of ^ pessure Inside the housing 

towards ambient when it is time for the article handling m&hanismto release the selected 
article. Even furthermore, smce contact of the article handlings with the 

mechanical or efp<?fitMn<!yhatiicflT Ifokage occurs at a known position, (be known position can 
signify a ^^drtari.^^^ 
the control mechanism, as notedalx^^ 

article handling mechanism, and if necessary, its lecalihcation. In a Anther embodiment 

\ mechanism * 
lori 

magneticalfyt)per^ 

Although use of an lirflow sensor is.des 
irt^ed^ hose.so tdsoisj*^ 

inside the hose, te a fiii^ embodiment to p 
airflow sensor. I^ey^r, some of t^^ advantages of an a^ 
embodiment are 

fluctuations. Rather than determining vacuum at a preset level, whicAnmy require a more 
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delicate measuring apparatus, the airflow sensor more easily determines changes in relatively 
small amounts of airflow in the hose. 
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20 



5 BRffiP DESCRIPTION OP THE FIGURES 

FIO. 1 is a front perspective view of a vending machine constructed and operating in 
accordance with the principles of the invention. 

10 FIG.'s 2 and 3 are front perspective views of me vending machine of FIG. 1, with the 

front door opened, so as to illustrate the main mechanical and electrical components therein. 

mechanical and electeic^ 



Figures 5, 6 and 7 illustrate details of a vacuum junction box and a door mounted 
operating linkage mechanism toereibre, which is instructed and operates m accordance with 



nPTAIT^D DESrTRTPTIOK OF PRFPRRRHD flVBOTOMENT^ 



FIG. i fliusttates an environment for the invention described herein, in the form of an 
article dispenser, such as a pomt-of^e (POS) dispenser. Amloughthwughout the Mowing 
25 (lescription, reference feniadeto implementation of die invention 

environment it is intended that : the term ♦Siending inachine*, and in fecttiie environment for 
tiiepresent invention, iiwluo^ 

dispensin&appaiatus, as wettas POS eqjnpment. Such e^ui^^ 
deticemaycomprise^ 
30 tractor-pulled trailer, and if embodied as a non-portable device may comprise inti be 

embodied as an automated dispensing room or an arealocated in a permanent stnicture, such 

asmabuflding.(aboveg^ 

enclosing cabinet). Furthennore.it is taten^ 

in at least some of the embodiments of the invention described herein, not 'Only goods, but 
35 also services and/or information, m aimer a pennanentorte^ralform. 
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Accordingly, FIG. 1 illustrates a perspective view of a vending machine 10, 
comprising one embodiment for an apparatus which is constructed and operates according to 
the present invention. Vending machine 10 includes a main cabinet 12 and a front door 14 
mounted on a hinge 16 for providing access to the interior of the vending machine for 
5 servicing (refilling jtwift 

embodiment, a service door or port could be positioned anywhere on or as a part of cabinet 
12. In FIG; 1, front door 14 is shown in a closed posMpn, forming an enclosure with main 
cabinet 12, within which various coniponents of vending machine 10 are housed, as explained 
in more detail below. 

io • .•• "•" • 'v . v" '/" " • "" ' 

Front door 14 includes a convex^haped section 18 adjacent a flat section 20; 
however, these particular shapes are not necessary to the invention. The convex-shaped 
section 18 comprises a translucent plastic display panel 18, whidi typically has brand name 
and/or logo graphics displayed thereon, and may even include graphics which illustrate the 
15 individual articles that are vendible by vending machine 10, as well as the price and/or 
selection information for die articles. Panel 18 is typically back-K^t using 
notshowiL 

A customer retrieval area 22 is formed in the panel 18 on door 14 so that articles 
20 stored therein can be disqharg^toau^ 

Various user interlace components are mounted on flat section 20 of door 14. A 
: customer display 24 may be a conv 

varkmfte^ to lu$tt;^m^hwe 10, such as foedfeftpk to ifammsrfMie 

25 selection thc^tpo^ tended, and if the product is sold out or being vended For 
accepting paymentsi a bill acceptor slot 26 accepts paper money into a conventional bill 
accqsitor med^nism (Counted insicb 10 so as to have its user bter&ce portion 

extend through an aligned opening in flat section 20) for purchasing articles or for making 
change. A coin insertion slot 28 accepts coins into a conventional coin changer (also mounted 
30 inside machine 10 so as to have its user interfece portion extend through an aligned opening 
in flat section 20) for purchasing articles car for makingchange. A coin return actuator 30 
comprises a conventional push-button mechanism for activating a coin return portion of the 
coin changer mechanism which, upon actuation returns coins inserted by the current user, to a 
coin return well 32. The coin return portion of the coin changer mechanism also provides 
35 change to the coin return well 32 either in response to the purchasing of articles or for making 
change for paper money or larger coins. A credit/debit card slot 34 accepts a plastic 
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credit/debit card inserted into a conventional card reader mechanism (also mounted inside 
machine 10 so as to have its user interface portion extend through an aligned opening in flat 
section 20) for allowing a user to pay for purchases via credit/debit cards, A door lock 
mechanism 3 6 enables front door 1 4 to be secured so that it cannot be opened without a key. 

5 For allowing user selections, display panel 18 may include graphics, as noted above, which 
indicates the various articles vendible by the machine, as well as their associated price and 
unique selection number. Alternatively, flat section 20 could include a group pf graphic 
article displays and ^hr ^ociated price. A conventional keypad push-button mechanism 38 
is provided for enabling a user to selecta desired art 

id Alternatively r push-^^ 

article selection, as well as an associated price display; and oven furthermore, a user operated 
touchscreen could replace pushbutton mechanism 40 and display 24, Al&ou^inot shown in 
. Figure 1, machine 10 also includes a conventional telecommunications component that can be 
used for authenticating credit card purchases, as well as other uses relating to machine control 

15 and reporting the inventory and operational status of machine 10 to a remote location, as more 
ftdly described later on. Although vending machine 10 is iUustrated to include the above 
described user jnfrrft oet c^p™**"**, in a more minimal embodiment of flie invaition, most, 
ijf not all, of these user interfece components could be omitted, and the dispenser could in fact 
be controlled ftoni a remote location, wife or without a local payment system; 

20 • • ■ 

FIG. 2 is front perapective liew'of lie vending mbiime of Fi& 1 , vvith flie front door 

somewhat idealized version of the main components of die article handling mechanism 
portion of vending nuwhineiO, and is usefid &r up$^^ 
25 some portions of vendii^ 
better Ulu^ 

indudesa verticaBy moun^ 

30 int^ce araipone^ 

202 and aligned with an opening m door 14 so that the user interface co^^hen^ such as the 
selection button keypad 40, coin insertionslot 30, bill acceptor slot 28^ coin return 32, and 
CUstbiner display 24, are all accessible to this user from the fiont side of door 14. For 
backlighting panel 18, two fluorescent bulb light sources (other numbers of ligjit sources can 

35 beused), are mounted on &e interior of frontdoor 14 behind protective 

mounted on the interior of fiont door 14 is a ballast 208 for the fluorescent bulbs, and a 
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product delivery chute 210. Note that product delivery chute 210 is unconventional in that it 
is extremely tall, and therefore serves as a security measure to prevent unauthorized access 
into the machine by insertion of an arm or other grasping mechanism into the customer 
retrieval area 22 from outside the machine. In typical prior art vending machines, a swinging 
security door is usually found at the top of chute 210, which swings into in a vandal blocking 



retrieval area;8 # In a furfliermlxxJiment of vending macWue lft supb a secidty door could 
be used in conjunction with product deliveiy chute 210, especially if chute 210 is not as tall as 
the one illustrated in Figure 2 and also if the product retrieval area 8 is located higher up on 

10 machine 10. Mounted behind hinged mounting bracket 204 is a conventional bill acceptor 
mechanism for causing paper money inserted into bill acceptor slot 28 to be drawn into 
vending machine 10, a conventional coin changer for supplying coins to coin return slot 34, 
and a conventional bill vaUdator for ascertaining prpj^ of pap^ money into bill 

acceptor, slot 2i8. 

15 

A control board 212 comprises a printed circuit board on which circuitry is formed 
and to which integrated d^cmit chips are attached Con 

microprocessor that is electrically connected to various sensors, motors, the above described 
user interface elements, as well as otter devices within vending machine 10, to control the 
20 operation of vending machine 10 as described herein. When reference is piade in this 

description to performance of specified fonctions by control board 212, it is to be understood 

oncanteolbd^ 

25 '. .-. :.. : ■.. :., •., ' • • : 



^feiT^pow^tol^ 
available as an article storage mw215, tothf iltas^^ 
aligned article storage bins 3l6 are anang^dpn l 
articles 223 to be vended by j^fiine 10, in a ^ i 



system. 



An opened-top container 219 can be dimensioned fohold&plurahty of article storage 
bins 216 therein, and used, for example to facilitate the smtdtaneous handling (te., removal 
35 installation and transportation) of tie plurality of bins 216 into/out of the article storage area 
215. Container 219 also fecilitates rapid and accurate positioning of a plurality of the article 
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storage bins into the storage area of the article handling apparatus. A carriage 218 (which 
may be more generally riefeiTed-to asm 

the interior topside of cabinet 12 and adapted for being cdntrollably positioned by the control 
board portion 212 of machine 10, to a location centered over (so as to be aligned with) the 
5 open top-end of a selected one of article storage bins 216. 

Although vertical alignment of the article storage bins 216 is shown, non-vertical, Le., 
slanted or even horizontal alignment is also be possible. Furthermore, alfcou^i article storage 
bins 216 areshownto be in an ambient en^nment, bins 216 could in fert the positioned in a 
10 fieezer which is located fato^ 217, suchas shown and described in the 

forenoted U.Svp the entire storage area may be-locafed m a i^gerated 

environment 

In the environment of the present invention, an air hose 220 is continuous fiom a 
15 . point before It's erit fipin a hose storage area 222 over orfcpgpnaliy positioned rollers 213 (or 
other lpw-fitfctipn arrangement), to its fiee end 221. Free end 221 mclud^ 
^ in combing 

characteristics of the articles to be dispense^ article pibkup head 224 may comprise only the 
weigfrt^po^ 

20 tW»?fpadtegestabe& 

ci$brac(^ Hose 220 has one endc6upled to a source of 

h^ive air pressure, Le., suction, which source of suction otftiprisfcs in the preferred 
ernbodir&ent a blower m^^ In 
the present invention, the word continuous is intended to mean a hose which is connected and 

25 :acfc ^ in older to aator^lish the functions required by it, as a 

uni^/sih^e hbse^ Le., one than one hose cah bfe copied together to act as asm^e hose, An 

box 229, while continuous hose 2£0 is connected to a second port of air junction box 229. 

30 Afrjuhcfionbox229,inta^^^ 
storage area 222, include 

constructed and operates in accordance with the principles of the invention, described in 
greater detail late: Tto airflow sensor is used to develop a sferud vrtiich is applied to the 
controller biFfhe v»<fog ma(*^ and is representative of tiie airflow through air hose 220. 
35 Ttoyaci^ 

ambient pressure, thereby fecilitating a "quick-release'* of an article transported by tiie article 
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25 



pickup head, into the dispensing chute 210. ft is noted that a quick rdease of the products 
does not have, to occur at the top of dispensing chute 210, and in the event that it is desirable 
to avoid subjecting foe article to farces whkh result fomj 
pickup head could proceed to the bottom of 
of the article, with qt without Sie use of Aeqd<* release As^ 
greater detail wifli reference to Figures 5 and 6, in one embodiment, the airflow sensor 
arrangement may comprises a two-^ 

a top portion of box 229, and a second part includes a magnet mounted at the fiee end of a 
swinging aim mounted inside box 229. As the arm swings inside box 229 due to chants in 
: aiiflow, the swittb is ^g|^ therefc^^ Thei tise of this airflow 

signal will also be described ingieater detail later. Inan alternative embodiment, the 
fimctioos of the airflow yalye. and quick release could be built into the blow motor 
enclosure. With tto anwg^ent^^ 
the way to fte blower motor. 

As shown generally in FIG 3, alignment of carriage 218 with a selected one of bins 
216 is accomplished in the ftont/back (Y) direction using a fiont/back linear slide 228 (shown 
in a cut way view) mounted to an 4€ L" shield ftont/back beami 230 so that carriage 218 can 
be controDably posfa A bottom edge portion of beam 230 

drives agpar(not shown) whfch: engages r^ 
reverse motor control ^ 

driven ixk the font/back directions. Alignment of carnage 218 in t^ lefl/ri^^4ire^on is 
accomplished in a similar manner, uarig a 1 




236a W236B. Beaxns p6k^236b*xei 
12; Ak* 23^ frigidly 
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Carriage 218 includes * roller arrangement (not specifically shown, but which may 

comprise three orthogpnally positioned rollers at me point where hose. 220 entets carriage 
218) for redirecting the movement of hose 220 from a substantially horizontal direction along 
the top interior portion of machine 10 0.e., in the X,Y direction), to a direction perpendicular 
thereto (l-e n to foe Z directibnX Thus, movement of carriage 218 will move the free end 221 
of hose 220 so ihat.it canbeaxially aligned with a select one crfbins 216/ thereafter, a 
hose drive mechanism (not specifically shown, but which may comprise a set of 
conventionally operated ^inchi rollers"), is driven by a reversible motor 50 8 for driving 
pickup head224 into/Out -of foe selected bin 216 in order to retrieve articles stored merein.. In 
the illustrated embodiment the hose drive mechanism is mounted in carriage 218, but in a 
former embodiment motor 24 1 and the pinch rollers, or some other drive mechanism, such as 
an articulated arm, could be mounted so as to act somewhere else along the length of hose 
220. 



15 This arrangement, where hose 220 travels in the same X,Y plane foat carriage 21 8 

travels, feciWates a compact hose p^itioning and drive mechstoism embo^ent for foe 
ion. 



As previously noted* since hose 220 is formed of a continuous material from its 
20 connection tofoe source of suction at one end to foe pickup head 224 at hs other end, means 

i during travel 6f foe pickup head 



arei 



224 fo foe X, Y and Z directions, as appropriate duringuie article dispensing o] 



25. 



SO 



35 



AccoroUngly, as shown In Fig. 3, placing an interior ^ 246 parallel and adjacent to 
'^^t^y^^ctiafi^p is used to form foe hose storage-area 222 ti^ between. 
Hdse storage area 222 lias ac^^ 

sectional area of foe hose loop fern^ therein* Walls 246 and 248 are shown partiaUy cut- 
away so as to illustrate a gravfty feed self-retracting loop fehsioher/ retraction mechanism 250 
formed inhose 220. Looptensloner250is constrained for movement within hose storage 
area 222, and made somewhat self<etractihg by comprisihg a rolling weight 252 having a 
groove 253 along its peripheryin order to provide constom centering of foe weight within 
hose storage atea 222 and for providing a constant "toop forming" tension on hose 220. 
Furfoetmore, centerfog of foe groov«i rolling weight 252 i 

r preventing hose 220 from i 

positioning of pickup head 224. In order to prevent 
bindingof hose 220* rolling weight252 is dimensioned so as to be slightly laigerfoan foe 
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diameter of hose 220 and the width dimensionof hose storage area 222 is dimensioned to be 
only sligjifly larger tten the width dimension of rolling weight 252. The specific amount of 
weigit used &r rolling weight 252 is a matter of design choice, and depends upon various 
fectors, such as the weight of the articles to be moved, the strength of the motors used to drive 
the hose in the Z direct eta In a fortfwr embodiment, it may be desirable to couple weight 
252 to a lower portion of cabinet 12 using a spring, for adding fbrthsr tension to loop 
tc?nsioner250. 



10 



15 



/ft is also noted that this gravity^based retraction/ hose storage technique meets the 
storage requirements needed for both theXandY movements of carriage 2 1 8 (left/right and 
front/back), as well as for the Z movement of pickup head 224. Of course this gravity-based 
retraction/ hose storage technique would work equivalency well in an embodiment wherein 
the hose positioning mechanism used an R, 8, sissors, articulated arm, or other technique. 
Furfl^ore, the ilh;^trs4^^ gmyi^ r ba^ed retraction/ hose storage technique is not necessary 
for the present invention, and in feet a ftijl^ o?dd 
also be used 



Asshow&m^ 
20 wayftomasfora^b^^ 

device 254 mounted wilhih c*lnet 12; A specific 

the present inve^ constraints, such a device may comprise, 

nqrwptical system, such as a radio frequency identification (RFDO), or mastic-based 
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35 




article identification devices are well known to 1 
therefore further description in this regard is not necessary. 



Article ID device 254 is mounted within cabinet 12 at a relatively fixed location, the 
mounting being such toat some controlled movement to the oriented 
254 maybe 5^tate4 m Qi^pMpmm a gpod ^eyTofthe ^clej^trp^rt^ 
andahigb confidence of die temsportedarficte^ One way to provide such 

controU^inoyOTOTt^ 

control board 212 could provide a voltage to the substrate so as to sMft the "vieW" of iD 
device 254. It is noted that by using an appropriately positioned article ID device 254, only a 
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single article ID device 254 is needed. This is particularly useful for a robotic type dispenser, 
since the robotic apparatus can controllably position, and i^pbsitiOT if necessaiy, the article 
in tte Vicinity of the article ID device 254, tiiiareby helping enstne a reliable ID of the article. 

. . ... . .. ... ^. ■■ ........ 

5 AJten^ye^ 

cpnteanplated to be within the scope of the present invention- For example, the airflow sensor 
and vacuum breaker invention to be described later in the illustrated embodiments, could also 
be useful in dispensing apparatus using other types of robotic positioners, such as a rotary 
type device (R, 6X an articulated arm, telescoping or scissor systen* etc. 



10 



15 



20 



Even furthermore, although oMy a sin^e^rage area 215, hose 2Maiid 
carriage 218 are shown in flie illustrated embodiment, the invention describ ed 1^ 
^bet^M 

and/or robotic article handling mechanisms, such as two robotic mechanisms (vertically or 
horizontally positioned) each one serving, for example, adififerent storage area (such as one 
being refrigerated and one being non-refrigerated, or one being oriented for vertical storage of 
products arid the other one for horizontal). In this case a separate hbs^ hxee positioning 
medianism and hose ^ra^ area may be required, although tiiey may jwssibly share a singe 
source of suction (e^g* blower motor 226X airflow sensor and vacuum breaker. Alternatively, 
a singe hose, hose positionmg mechanism and hose storage areacouM ^ 
embodiment whete tile singe hose services more than one article istoragp area. Each robotic 
article hffidlhig mediatiism could have its own article ID device or they, could share a singe 
article ID device. 



25 fafoemboctimeirtlU^^ 

volume of airflow but a relativefy modest negativeair pressure. As a matter of design choice, 
blower motor 2^ conqn^ 

degree of negative air pressure, but, due to size and cost lidiitati^, acdrrespofldingy 
reduced amount of ^ 
30 reducedfibfc 

scraieappHc^onso^ 

for picking up flexible padcages since a nutfnentary or evto st^tair^ le$k in the coupling to 
the packaging to the article will generally not result in dropping of the package* Vtoile at flie 
s^ time offering extreme versatility due to ^ abil^ to pick up a wide variety of shaped 
35 objects of varying weigrt and sfce. to the event that blower motor ^comprises a vacuum 
pump, it could be used alone or in combination with a storage tank coupled to the suction 
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hose via a valve and air hose, in order to pro^ Alternatively a 

compressor could be used in combination with a venturi device to create a vacuum. 



FIG. 4 illustrates a functional block diagram of the general operation of the various 

5 a?p^ 

microprocessor 402 and associated me^^ 404, is constructed on control board 212. 
Gratxols^^ 
macMne 10,aseppropri^ 
lij programs (embedded software, as well known, for accomplishing fee described herein control 
of voiding machine 10), as well as RAM cache for temporary stprage of operational data 
during system operation as well as other data as may be needed Control system 400 is 
ie^Ssiwtouserop^ 

and bill mechanism 28 and 30 and the selection buttons 40 of HQ. 1) for operating the user 
15 tateri^and 

desired by a u$er- Morespe^ 

rang payment and selection system 406, control system 400 operates the X/Y Qe&iigxt and 
femtfc^ 

216 which holds the articfc selected Control system 400 then engages a hose 

driven in a direction towards the top article in the aligned bin- At an appropriate tiitte before 
head:^ 

cabinet 12 does not induce fsfiigswted: ate m t 
cn^bto 216,1 

blowermotor226 so^^ Upon position sensors 

article, co^ asto retract 

hose 220 from fee aligned bin 21dand thereby lift out ftom th*bin 216 the selected article. 
30 Carriage 218 is then driven fo a p<^on& wfchtiie arficie delivejy chute 210: As 

the desired article 223 is moved along its way fiom a storageb^216 to xdmte21Q, ft is 
"positioned past to 

article being dispensed ^ is in fictdie article ftat was selected. Upon sensors 412 sensing 

alignn^of^ 
35 mountedonafiontwaHoflhe^ 

218), control system 400 turns off vacuum blower 226 and the resulting loss of vacuum 
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c auses the selected article to drop into the customer retrieval area 22. It is noted that position 
sensor 412 may include the airflow sensor of the present invention, to be described next, 
vAich is positioned in air junction box 229, or in a fiirffier embbdimeixt, a tfi^bMcaHy 
operate plunger-type p<^^ Even furthermore, 

position sensors 4 12 may also include a reed switch mounted on a front wall of the cabinet, 
Mdamagn^mpim^ 



10 



15 



20 



As no^ above, a^ of energization of blower motor 226 is particularly 

advantageous in the event that the inside of the cabinet is refrigerated^ since accurate control 
would decrease the amount of refrigerated air being displaced by blower motor 226, In the 

head 224 1 




updated information aboutthe height of the stack of articles in each bin 216. The heigjit is 
assumed to be at a predefined leyel upon refiUing of the vending machine 1 Q with articles by 
the operator of the vending machine. Control system 40 0 may confirm the assumed height by 
moving at a reduced speed towards a given article on the first ^retrievd attempt after tiie 
storage area has been refill^ 

Subsequently, control sysfcm40O «* 
a higher speed, and<mly d(W down v4en in the imnwdiateproximity of the "fop" article in 
that bin. TWs technique liefcs ensure that the stored aMd^ wiQ not ^e damaged. 



25 



30 



It is noted that in an < 

needed. A stabler way of controlling operation of blower motor 226 without blowing the 
specific hei^rt of the stack of articles, would be to turn on the blower motor 226 just prior to 
the learned stack heigftof the prior Vend, the specific height of the articles irt(ied in that 
stack can be preprogramed into the memory of control -flgRBta^rMOtf^oF cw-Wleanied'lqr flie 
control system by comparison of prior vend heights in eiacK bin, and used to calculate tiie 



When a "reset? switch (hot shown) isactivatedty 
system 400 ai^aticaliy definite to using the above height (fc^on teehmque since it can 
be assumed that the operator may have changed the j 
product heig 
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For the embodiments described herein* it is assumed that energization of the blower 
• . motor or other suction crej^ 

prompt package securing force, i.e., suction, at the pickup head 224. 

5 A cpmmuinication system 414 is connected to control system 400 so as to provide 

article inventoty and vending machine operation information to a remote location, as well as 
to allow for control of the operation of the vending machine from a remote location. In this 
regard, communication system 41 4 may include a connection to means for making a wire-line 
and/or wireless transceiver interface through which a communication link with a remote 

10 computer can be established. Addftion^^ 

with a plurality of other similarly connected vending machines in the same general area and 
flomTniH'**? fti?T«*yfth using the wire-line Interface or wireless commimicatioiL Even 
furthermore, communication system 414 can provide for communication With multiple 
vending machines and/or a local server/controller, in a local site along a LAN flocal area 

15 The .remote 

computer may comprise a database which receives and/or accumulates the operational data 
from oheor more vending machines, which data is then accessible (via, e,g* the Internet, 
using a wired or wireless connection) ush® appropriate encryption, to otters, such as route 
drivers, ma^hin* npftratnr<t J machine owners, product suppliers^ etc. Furthermore, the remote 

20 site give feedback to ^ 
control its oper^o^ such 

to the embodiment mustr^ herein, b^ 
volume of airflow but a relatively modest negative air pressure. As a matter of design choice, 
25 blower m<to^^ 

due to size and cost limitations, a correspondingly reduced amount of airflow. In this latter 
case, the diameter of the air hose 220 wodd be reduced to FIO's 
2 and 3, which may be particularly important in some applications of the present invention . 

30 moment^ or even sustained leak in toe coupling to flie packaging to the article will 
generally not result in dropping of the package, while at the same time offering extreme 

size; An alternative arrangement of blower motor 226 could be provided by a v^^ 
aloneorincombinati^ 

35 hose. Alternatively a compressor could be.used in combination wito a y enturi device to create 
a vacuum. To get operational p erformance with a vacuum pump that is similar to that of a 
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l 1 

conventional blower motor 226 would require a storage tank and/or vacuum pump of 
substantially larger size. 

FIG/s 5 and 6 illustrate details of the air junction box 229 which is constructed and 
5 operates in accordance with the principles of the present invention^ and FIG. 7 iUustmtes one 
embodiment of linkage u^ 

housing 504 having an air inlet port 506 coupled to hose 220 and an air outlet port 508 
coupled via a hose 235 to the blower motor 226. As previously described, blower motor 226 
creates a negative air pressure (i.e., suction) which passes through housing 504 via ports 506 

10 and 508 for creating suction at pickup head 224, for allowing picker head 224 to become 
releaseably engaged to a package requiring handling. In accordance Willi one aspect of the 
present invention* and ^ir junction box 229 includes internal thereto an airflow sensor 
arrangement 600 (shown in detail in Figure 6), and externally, and a vacuum breaker 
mechanism 500. Vacuum breaker mechanism 500 includes a pivoting flap mechanism 510 on 

15 a topside of housing 504 . Flap 5 10 includes a foam seal 512 attached to an underside of flap 
510 and aligned so as to cover a bole 514 in housing 504 (^own more clearly in FIG. 6). 
Flap 510 includes upward fecteg side portions ^ 
around which flap 510 pivots upward when one end of a linkage arm 
portion 51 8 of flap 510; When flap 5 10 pivots upward, hole 614 is exposed to the ambient 

20 environment, thereby resulting in a rapid release of vacuum Le., ^suction foice K , in air hose 
220. In the illustrated embodiment linkage arm 516 rotates about a pivot pin 520 upbn 
contact by a linkage mechanism 624 located in the froM door (14 of FIG. 1). linkage 
mechanism 724 is shown in FIG. 7. 

25 As illustrated more clearly in FIG. 6, housing 504 includes therein an airflow sensor 

arrangement 600 for generating a signal which changes in response to flie degree of airflow 
within air hose 220. In die illustrated embodiment airflow sensor arrangement 600 comprises 
a two-part switch, a first part of the switch includes a reed switch 602 mounted on a top 
portion of housing 504, and a second part of the switch includes a magnet 604 mounted at the 

30 ftee end ofa swinging arm 606, whicb^ 

proximity thereto. Arm 606 swings about a pivot 608 in response to airflow (see arrows 610) 
from port 506 towards port 508 thiougb housing 504* During strong airflow, arm 606 is 
maintained in a substantially horii^fital pNt^tibn, thei^y putting magnet 604 in close 
proximity to switeh 602;^ Preferably, 

35 . air deflector panels 612 and 614 are provided in housing 504 in order to ensure that swinging 
arm 606 is raised to a hiei^ sufficient for proper operation Of reed switch 602 ddring varying 

17 
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levels of airflow y^hich may be experienced before article pickup head 224 makes a 
sufficiently good contact with a package to be dispensed. 

Before pickup head 224 cont^ 

. 5 will cause aim 606 to swing substantially horizontal, thereby clostag i^ switeh 502. Upon 
Pithead ?24 contorting : a package the surfece of the ^package 1*0 block the entrance of 
air into pickup head 224; Tills will cause a sudden decrease in airflow within housing 504. 
TTiis decrease in airflow wffl'cause arm 606 to swing downward and cause reed switch 602 to 
open, theretysendujg a .signal to control system400. This sigpal indicates that pickup head 

10 224 has made a secure contact to the package, and that it is time to reverse the direction of 
hose (Z) drive motor 410, as well as activation of the X and Y <frive motors 408 , for causing 
removal of the package fix>m the storage area and release of the package in the dispensing 
area. The signal generated by reed switch 602 ^ dsp be used ^ control sy^ 400 as a 
check for CSP^ 218. re^t^ a "virtual home"), in that 

15 oncecanr^ 

Note, the quick release of vacuum inhousing 504 causesreed switch 602 to agampnjvide a 
signal (since the package is no longer bl^ 

used to indicate to contol ^t^^ dispep^d. According^, the 

20 signal can be us^ to tum^ 
'Tionie^posilipn. 



Not^ reed switeh ^ can be of the non^ 
other embodiments, deflector panek^^ Furthermore* 
25 dtboi^inthe^ 

of swinging arm 606, sue* as acapacitive or inductive sensor/switch anangement. 
Addfflbriafly, other types of mechanical anange^^ 

the airflow sensor to move within housing 504, such as an aim 606 that is made of a material 
30 flexible eftougfc to move in response to changes in afrflow, just as if it were connected to 
tousfa^ 

In accordance wfth a ^fbrther aspect of the pres^invention, since the control system 
keeps trade of toe movement of hose 220 and carriage 218 
35 ftom a shaftencoder or other distance measuring device oneach of their respective drive 
motors), Hie signal grated by reed switch 602 at the tinte can-fege 2i8 reach^ the virtual 
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home can also be used as a check to ensure that control system 400 accurately counted the 
motor drive pulses, and can recalibrate the positioning system based on the virtual home, if 
necessary. 



10 



Furthermore, it is noted that the electrical signal from reed switch 502 that occurs 
indicating that arm 506 had lost contact with magnet 504xttidd the control 

system 400 as an electrical signal for indicating fliat carriage 21g has reached a predetermined 
position within machine 10, Le„ its forward-most position, and his thereby usable to enhance 
the accur^ of control 



As shown in FIG. 7, mounted along a top portion of the dobr 14 of vending machine 
10 is a door linkage 724. Linkage 724 includes a first U-shaped bracket 723 mounted to door 
14, a second U-shaped bracket 725 mounted to bracket 723, and a piyoting arm member 726 
which rotates about a pivot 728 held by the opposed sides of bracket 725. Arm 726 includes a 
15 flexible member 730 at one end, which is contact 

(shown in FIG, 1) when carriage 218 has positioned an article to be dispensed overlie article 
retrieval area or chute 210. Theopposhe end 732 of arm 726 includes a paid 733 adapted to 
contart iwrtloh 534 of link 5 

specifically shown) at the top of ^support panel 202 (shown toFIG. 2). 

20 .. . . ... • . .... . • v : "\ 

It is noted that pivot 728 include thereon a torsion spring, not shown, which biases 
arm 726 so that end 732is normally spaced away portion 534 of link 516. Furthermore, it is 
noted that flexible member 730 is used to provide for some extended travel or tolerance in the 
forward positioning of the leading edge of carriage 218 when it is ready to release the selected 
25 article intQcbute 210. 

In operation, when the cairi^ has positioned ah artide to be dispensed over the 
package delivery area or cfiuto 210* its leading edge confabs aid 730 of aim 726, Iherfcby 
causing arm 726 to pivot about and cause the other end 732 to urge end 534 of link 5 16 
30 forward about pivot pin 22, thei^by depressing tab portion 518 of flap 5 10 and causing the 
foam seal 512 to be raised above* and no longer seal, hole 614 witftin housing: 504, The net 
effect of the unsealing of hole 614 is that air pressure is rapidly allowed to equalize within 
housing 504 and thereby cause a rapid loss of suction at pickup head 224, thereby causing the 
article 223 to be promptly released into the customer retrieval chute 210. 

35 



WO 01/96142 



PCT/US01/16916 



the Illustrated anbodim^ 
rsubs&ntitf^ - 
and seal/flap 512/510 can to a further embodiment, be 

wherein rotation of Hnk 516 about pivot pin 520 would cause a sealing portion on link 516 to 
5 release its seal over a hole in housing 504, For example, link 5 16 can be positioned so as to 
haye its leading edge slide along a side of housing 504 instead of being positioned to rotate 
towards its top. In the alternative embodiment wherein Hnk 516 slides along a side of housing 
504, the side of link 516 pm engage and seal over a hole in the side of housing 504, so that Us 
rotation upon urging by door linkage 724 can directly cause the hole in the side of housing 
10 504 to become unsealed 

Purther alternative embodiments should also be considered, such as different kinds of 
linkage mechanisms 724. One such embodim^rt could comprise a horizontal rod haying 
or&ogpnal endportiqns $q asto form a "crank"* Contact by the carriage atone end of the rod 
15 catises tte rod to of 
tteit^pr^ & acon^^ portion 518 of fiq) 510, and 

caus^theqiripkrele^ 

carriage 218 has been reached, as determined by a sensor. Specific advantages may be 
20 realized to a lesSOT or ex^ 

mounted along a top fiont portion of the vending machine cabinet 12, instead of door 14, 
TKsmaynrt because it may interfere with the operator re- 

loadfpg <ft $o&w insite tfite^ 
ccosddered to be within the scope of the present invention* 

25 

Even furthermore, in the event that the quick release of the product is not required 
until the pickup head has moved the protfucttb the bottom of the product delivery chute 210, 
«' means for actfvatingt^ 

Fig. 7 oraprosdndty switch has become aHgied with chute 

30 210, would be required In ^ 
response to wai^on^^ m 
. Jbej^ 
provided which would ^ 

carriage. Such horiTOT^ movem^ l^ the carriage could take place immediately after the 
35 pickup head has reached the bottom of chute 210* 
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As noted above, the present invention as described above provide electrical signals to 
the control mechanism representative of changes In suction at ffie ftee end of said hose, so as 
to provide all of the advantageous sought therefore, slush as: 

I: Artivating a mechai^ 
than the gradual rel^ 

2. Activating the release valve without the requirement for an independent electrical 

circuit; 

3. Providing a low-cost and highly reliable and tolerant techdq^ for detennining 
whether or not the product has been/still is gripped; 

4. Providing feedback to the system controller that the suction mechanism is working 
properly; 

5. Providing a low-cost and reliable sensor which is relatively immune to typical 
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30 




useful in an article dispensing apparatus of the type having a ne^igerated compartment, such 
asa chest freezer including various doors thereon (such as described for the ice cream 
dispenser in US patent 5> 240,139), in combination with the forenoted mefliods and apparatus 
for creating, se 

While this invention has been particularly shown and described with references to 
preferred embodiments thereof it will be understood by thosie skilled to the art that various . 
changes inform and details may be made thereto without depa^ 
of the invention as defined by the appended claims. In feet, many such changes arealready 
noted in this description those skilled in the art will recognize, or be able to ascertain using 
no more than routine experimentation, many equivalents to the specific embodiments of the 
invention described specifically herein.. For example, although a flap is described for being 
responsive to changes in airflow, other mechanisms could be used, such as some other type of 
^oatingr device* such as a ping-pong ball* are possible; or even a device which actually 
measures the airflow, such as an air driven turbine. Such equivalents are intended to be 
encompassed in the.scope of the appended ctoims. 



21 



WO 01/96142 



PCT/US01/KJ916 



20 



25 



CLAIMS 



1. 



a siK^on sustaining hose having a first end adapted to contact and extract a selected 
5 article from the storage *rea and a second aid coupled to a source of suction; 

a lwse positioning mechfflj^ 

end of the hose so as to be aligned with a given article stored in the storage area, and 
for controllably contacting and extracting said article from the storage area, and then 
controllably positioning the first end of the hose so as to transport said article to a 
10 dispensing area; 

a control ntechanisra for controlling operation of said source of suction and said hose 

positioning mechi^ 
a sensor in pneumatic coi^U^ 

control mwhanlsm representative of changes in suction at the free end of said hose, 
15 said control system turning the source of suction on before foe free end of the hose 

comes into contact with an article to be extracted, and said sensor detecting a change 
in Suction i^idi occurs when th* free end of the hose engages said article, said 

tetgeted bha^ as a detennination of 

the timing of foe frfce end of foe hose making secure contact to said article. 



3. The article dispensing apparatus of claim 1, wherein said sensor is located in a 
relatively airtight housing, said housu^ havtog apneur^ 
and second input ports* said first input port beiijg coupled to said first end of said 

aid source of suction. 



30 



4. The article disi^ing^:^^ 

a relativdy airtij^ht housing, said housing having a pneumatic coupling between first 
and second input ports, said first input port being coupled to said first end of said 

I to said source of suction. 



4. The ^cle dispensing ^paratus of claim 4, wherein said airflow sensor comprises a 
35 two-piartswft<&m^^ 

ion an said housing, and a second part being located inside said housing 
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and in the pneumatic coupling airflow path between said first and s^ 

and mounted so as to move in response to airflow inside said along said airflow path. 

5. The article dispensing apparatus of claim 3, wherein said housing also includes an 
airflow control mechanism for allowing a rapid influx of air into said! housing, 
thereby j^lfating a q^ck release fiom said first end of the hose of the article being 
. handled* 



i 



6. The article dispensing apparatus of claim 5> wherein said airflow control mechanism 
10 comprises a vac^^ 

for release into tfe dispensing area. 

7. The article dispensing apparatus of claim 5, wherein said airflow control ^ 
15 comprises: 

an opening in said housing, and 

a releasable air-dealing mechanism for substantially sealing said opening in said housing 
so air does not pass therethiougjb, and being selectively operable for releasing said 
seal so as to aUow air to pass therethrough, 

20 

8. The article dispensing apparatus of tf aim 5, wfiotih said mrflow control mechanism 
indudes a linkage mechanism to 

delivering said article to said dispensing area, and said linkage mechanism bavingan 
25 ottered adapted to operate said releasable air 
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9, 



10. 



11. 



The article dispensing apparatus of claim 1, wherein said $ensor comprises a vacuum 
sensor positioned to measure vacuum in said hose iafterthe first end of the hose has 
contacted an article. 

The article dispensing apparatus of claiml , wherein the source of suction comprises 
one of; 

the inlet port of a blower motor, a vacuum pump, or a compressor in combination 
with a venturi device to create suction. 
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an article storage area; 

a suction sustaining hose having a first end adapted to contact and extract a selected article 

from the storage area and a second end coupled to a source of suction; 
a hose positioning mechanism coupled to the hose for contwllably petitioning the first end so 
5 as ito be aligned wiflj a given article stored in the storage area, and forcontrollabty 

deliver said article to a dispensing area; 
a control mechanism for contralto 

positioning mechanism so as to achieve dispending of an article from the storage 

10 area;' .... 

wherein said suction hose includes a contracting means for contracting upon an increase of 
'-'tiuctraihtbe 

12, The artide dispensing apparah^ 
IS comprise a predetermined length of bellows-type flexible hose att^hed,for example 

to the griping 

means may simply comprise a longhudinatty compressible characteristic of the 
suction hose itself. 

20 13. The article dispensing apparatus of any preceding paragraph, wherein the source of 
suction comprises one o£ 
the inlet port of a blower motor; 

a vacuum pump, jilone or in combhiation with a storage tank coupled to the suction hose via a 
valve and air hose, or 
25 acop^w^taci^^ 

12. An article dispensing apparatus for tiie handling nf delicate articles^ comprising: 
l an^clesfoi^ 

a suction sustaining hose having a first end adapted to contact and extract a selected article 
30 fomthe^ 

a hose posMoning mechanism coupled to the hose for controllably positioning the first end of 
the hose $o as to be aligned with .a. given article stored in the storage area, and for 
controllably contacting and extracting said article from the storage area and 
positioning so as to deliver said article to a dispensing area; 
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a control mechanism for controlling activation of the source of suction and the hose 

positioning mechanism so as to achieve dispending of an article from the storage 



herein said control medianism causes the speed at widish the fiist end of the hose is driven 
5 towards a package to beretrieved, is reduced as th e first end of the hose approaches 



13. 



updated 
bins. 



of paragraph 12, wherein control system 400 maintains 

articles in the storage 



14. An article dispensing apparatus for the handling of delicate articles, comprising: 
an article storage area; 

a suction sustaining hose having a first end adapted to contact andextact a selected article 
15 fixmiitte: a sec ond end cqujM^ 

aho^pq^n^ 

thehose so as to be aligned with a given article stored in the storage area; and for 

positioning so as to deliversaid article to a dispensing area; and 
20 a control mechanism for controlling application of suction at the first end of the hose as the 



25 



15. The article dispensing apparatus of paragraph 14 w 

suction at the first end of the hose only when the first end of the hose is in the 
immediate proximity of the desired article (and not earlier). 
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16. The article dispensing apparatus of either of paragraphs 12 or 14, wherein said control 

mechanism includes a microprocessor which maintains updated information about the 
height of the stack of articles in the storage area 



17. llie article dispensing apparatus of either of paragraphs 12 or 14, wherein said control 
mechanism confirms^ 
given arficfe on a first ijetrieyal attempt*^ 

ttothe actual height ; 



18. 
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a storage area (1 1) for storing articles along at least one longitudinal axis; 

an article extracting device (14) comprising an air hose (21,23,26) including a 
free end (28) for selectively extracting an article from the storage volume Yia suction 
in said hose created by a negative air pressure source (20) coaled tosaidairhose; 

a positioning mechanism (12) coupled to the air hose and responsive to 
control signals for positioning the free end thereof in alignment with a said 
longitudinal axis; 

a drive mechanism (190) coupled to said air hose for moving the free end 
thereof in a direction aligned with the longitudinal axis in the storage volume; and 

control apparatus for initiating an article dispensing operation, and generating 
control signals which 

tnechanisin for Causing controlled movement of the article extracting device so that a 
selected article is extracted from the storage volume by the free end of said hose and 
moved to a |» 

s^d <^ntrol apparatus including a saosqr for providing ^gnals representative of 
changes in suction at the fr» end of said hose, sdd ccjntiol system turning the 
negative air pressure somt» on before 

with an article to be extracted, and said sensor detecting a change in suction which 
occurs when the free -end of the hose^ngages said article, s^d detected change in 
suction being used by said control apparatus as a determination of the timing of the 
free <^<if the ho^ 
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19. Hie article disposing apparatus of claim 42, wh^n m refuse to a signal 

provided to said control apparatus by said sensor which is representative of said 
change in suction, said control apparatus applies control signals to said drive 
mechanism for causing a stopping and then reversing of the movement of the free end 



20. 
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hose enters 



35 



21. Tlie articled^ 

monitors &e distance 

into contact with anarticle, and uses this information for controlling turning on of 
sidd negative air pressure source for subsequent article dispensing operations, so that 
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